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Abstract
Background: A steadily increasing pattern of breast cancer mortality has been reported in South Korea since the
late 1980s. This paper explored the trends of educational inequalities of female breast cancer mortality between
1983 and 2012 in Korea, and conducted age-period-cohort (APC) analysis by educational level.
Methods: Age-standardized mortality rates of breast cancer per 100,000 person-years were calculated. Relative
index of inequality (RII) for breast cancer mortality was used as an inequality measure. APC analyses were
conducted using the Web tool for APC analysis provided by the Division of Cancer Epidemiology and Genetics at
the U.S. National Cancer Institute.
Results: An increasing trend in breast cancer mortality among Korean women between 1983 and 2012 was due to
the increased mortality of the lower education groups (i.e., no formal education or primary education and secondary
education groups), not the highest education group. The breast cancer mortality was higher in women with a tertiary
education than in women with no education or a primary education during 1983-1992, and the reverse was true in
1993-2012. Consequently, RII was changed from positive to negative associations in the early 2000s. The lower
education groups had the increased breast cancer mortality and significant cohort and period effects between 1983
and 2012, whereas the highest group did not.
Conclusions: APC analysis by socioeconomic position used in this study could provide an important clue for the
causes on breast cancer mortality. The long-term monitoring of socioeconomic patterning in breast cancer risk factors
is urgently needed.
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Background
Breast cancer was the leading cause of cancer death and
the most commonly diagnosed cancer among women
worldwide in 2012 [1]. In South Korea (hereafter ‘Korea’),
breast cancer was the second most diagnosed cancer fol-
lowing thyroid cancer, and the sixth fatal cancer for
women in 2012 [2]. While decreasing patterns of breast
cancer mortality rates were found in western countries
since the 1990s, a steadily increasing pattern of breast
cancer mortality has been reported in Korea since the late
1980s [3].
Breast cancer was viewed as a “cancer of affluence” be-
cause the incidence and mortality of breast cancer was
positively related to high socioeconomic position and
more developed countries [4, 5]. Although the positive
relationship between breast cancer mortality and socio-
economic position has still been observed frequently [6],
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breast cancer mortality among the low socioeconomic
groups has been catching up with the high socioeco-
nomic groups [7]. Several recent studies reported nega-
tive or no association between breast cancer mortality
and socioeconomic position [8–11]. Among those, the
change of inequality direction on breast cancer mortality
in Korea was most prominent. Educational inequalities
of breast cancer mortality were changed from a signifi-
cant positive association in 2001 to a significant negative
association in 2011, and this trend was first observed in
younger women [9, 12].
Age-period-cohort (APC) effect analysis can provide
clues of the cause of the disease through describing tem-
poral variations of disease incidence or mortality. APC
effect on breast cancer has been analyzed in many stud-
ies including those done in Korea [13–16]. However, to
the best of our knowledge, there has been no study ana-
lyzing APC effect considering socioeconomic position.
Especially in the situation where each socioeconomic
position group has different trends like breast cancer
mortality in Korea, APC effect analysis might supply
more salient information.
In this study we examined the trends of educational
inequalities of female breast cancer mortality between




Female breast cancer (C500-C509 in International Clas-
sification of Disease-10) mortality data (death certificate
data) from 1983 to 2012 and the National Census data
in 1985, 1990, 1995, 2000, 2005, and 2010 were obtained
from Micro Data Service System provided by Statistics
Korea (http://mdis.kostat.go.kr/). Female breast cancer
mortality data were categorized into seven 5-year age
groups (25-29, 30-34, 35-39, … 55-59), six 5-year calen-
dar periods (1983-1987, 1988-1992, 1993-1997, 1998-
2002, 2003-2007, 2008-2012), and three educational
levels (no formal education or primary: 0-6 years, sec-
ondary: 7-12 years, tertiary: 13+). The National Census
data were used as the denominators (numbers of women
at risk) and categorized into seven 5-year age groups
and three educational levels for each census year. The 5-
year birth cohort groups were defined by subtracting age
from period based on the midpoint of the five-year age
band and the mid-year of the five-year calendar period.
Statistical analysis
Age-standardized mortality rates of breast cancer per
100,000 person-years for each 5-year calendar period
were calculated by the direct method with the 2005
Korean census population as the standard population.
The breast cancer mortality rate ratio and 95%
confidence interval (95% CI) for each 5-year calendar
period was estimated using Poisson regression and ad-
justed for age. Relative index of inequality (RII) for
breast cancer mortality was used as an inequality meas-
ure. To obtain RII, we ordered the educational groups
from highest (tertiary) to lowest (no formal education or
primary) and calculated the cumulative percentage dis-
tribution of each educational group by 5-year age groups
and 5-year calendar periods. Poisson regression model
was used to estimate the RII. These analyses were per-
formed using SAS software version 9.3 (SAS Institute,
Cary, NC, USA).
APC analyses were conducted using the Web tool for
APC analysis provided by Division of Cancer Epidemi-
ology and Genetics at the U.S. National Cancer Institute
(http://analysistools.nci.nih.gov/apc/). Additional details
of the Web tool are described elsewhere [17]. From the
Web tool, we obtained estimated annual percentage
changes of the age-standardized rates (net drift), esti-
mated age-specific annual percentage change over time
(local drifts), ratio of longitudinal versus cross-sectional
age curves, ratio of age-specific rates in each period rela-
tive to reference period 1993-1997 (period rate ratios),
and ratio of age-specific rates in each cohort relative to
reference cohort 1953 (cohort rate ratios). In all APC
analyses, the reference groups were the central age
group, central calendar period, and central birth cohort
group. We created all figures using the R statistical
programming language. Additionally, total number of fe-
male breast cancer deaths and person-years according to
age groups, and age-specific mortality rate by educational
level during1983-2012 were presented in Additional file 1:
Table S1 and Additional file 2: Table S2.
Results
Figure 1 shows the age-standardized mortality rate of fe-
male breast cancer per 100,000 person-years according
to educational level between 1983 and 2012 in Korea.
The age-standardized mortality rate of breast cancer for
all Korean women increased during the last three de-
cades from 4.61 (95% CI: 4.39-4.83) to 8.22 (95% CI:
8.00-8.43). Women with no formal education or a pri-
mary education and with a secondary education
showed an increasing age-standardized mortality rate
during study period, whereas women with a tertiary
education had no consistent trend. Women with a
tertiary education showed the highest mortality rate
between 1983-1987 and 1988-1992, and then lower than
women with no formal education or primary education
(see Additional file 3: Table S3 for the detail numbers).
Table 1 presents the age-adjusted mortality rate ratio
and RII for breast cancer mortality according to 5 year
calendar periods. The risk of breast cancer death among
women with no formal education or primary education
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was 0.66 (95% CI: 0.54-0.82) times compared to women
with a tertiary education in 1983-1987, and that increased
to 1.31 (95% CI: 1.19-1.43) in 2008-2012. The RII for
breast cancer mortality showed a significant increased
trend across the full period (p value for trend < 0.0001).
The estimated RII for breast cancer mortality comparing
the lowest with the highest education categories was 0.72
(95% CI = 0.60 to 0.85) in 1988-1992 and 1.23 (95% CI =
1.10 to 1.36) in 2008-2012 (Table 1).
Table 2 shows the estimated annual percentage changes
of the age-standardized breast cancer mortality rates and
the estimated age-specific annual percentage change over
time by educational level. Breast cancer mortality rates in-
creased 3.85% annually among women with no formal
education or primary education, while among women
with a tertiary education it showed no significant annual
change. Age-specific annual percentage change in the
breast cancer mortality rates during the study periods
showed significant positive value among women with no
formal education or primary education and women with a
secondary education aged between 30-34 and 55-59. No
significant age-specific annual percentage change occurred
among women with a tertiary education (Table 2).
Figure 2 presents the longitudinal age curves of female
breast cancer mortality by educational level. The risks of
breast cancer death increased in all education groups.
The secondary education group (Fig. 2c) shows the low-
est rate at all age groups, while the tertiary education
group (Fig. 2d) shows the highest rate at ages 40-44 and
thereafter (Fig. 2).
Figure 3 shows the estimated period effects by educa-
tional level. The no formal education or primary educa-
tion group (Fig. 3b) shows an upward pattern during the
study periods, while the tertiary education group (Fig. 3d)
Fig. 1 Age-standardized (reference population = 2005 Korean census) mortality rate of breast cancer by educational level between 1983 and 2012
among Korean women




1983-1987 0.66 (0.54-0.82) 0.67 (0.54-0.82) 1 (reference) 0.84 (0.68-1.03)
1988-1992 0.60 (0.51-0.70) 0.63 (0.54-0.73) 1 (reference) 0.72 (0.60-0.85)
1993-1997 0.96 (0.84-1.10) 1.03 (0.91-1.16) 1 (reference) 0.92 (0.80-1.07)
1998-2002 0.86 (0.77-0.96) 0.87 (0.79-0.95) 1 (reference) 0.88 (0.77-1.00)
2003-2007 1.38 (1.25-1.52) 1.05 (0.97-1.13) 1 (reference) 1.45 (1.29-1.63)
2008-2012 1.31 (1.19-1.43) 0.91 (0.86-0.97) 1 (reference) 1.23 (1.10-1.36)
p value for trend <.0001
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shows no significant increase except 1988-1992 (Fig. 3).
Additional file 4: Table S4 shows Wald tests results for
period effects. Period effects were statistically signifi-
cant for the no formal education or primary educa-
tion group (p = 0.002) and the secondary education
group (p < 0.0001) (Additional file 4: Table S4).
Figure 4 shows the estimated cohort effects by educa-
tional level. Women from the 1928 birth cohort to the
1973 birth cohort had increasing cohort effects on breast
cancer mortality over time, especially among the no for-
mal education or primary education group (Fig. 4b) and
the secondary education group (Fig. 4c), while the ter-
tiary education group (Fig. 4d) showed no significant in-
crease (Fig. 4). Additional file 4: Table S4 shows Wald
tests results for cohort effects. Cohort effects were statis-
tically significant for the no formal education or primary
education group (p < 0.0001) and the secondary educa-
tion group (p < 0.0001) (Additional file 4: Table S4).
Discussion
This study showed that an increasing trend in breast
cancer mortality among Korean women between 1983
and 2012 was due to the increased mortality of the lower
education groups (i.e., no formal education or primary
education and secondary education groups), not the
highest education group. The breast cancer mortality
was higher in women with a tertiary education than in
women with no education or a primary education during
1983-1992, and the reverse was true in 1993-2012. Con-
sequently, RII was changed from positive to negative as-
sociations in the early 2000s. We also found significant
cohort and period effects in the lower education groups,
while cohort and period effects were not observed in the
highest education group.
Breast cancer has been one of the well-known diseases
with a positive social gradient [6, 18, 19]. Although no
significant associations were observed in some countries
[11, 20], most western countries have a consistent positive
association by education in breast cancer mortality [6].
This study showed educational inequality for breast cancer
mortality before the early 2000s in Korea also had a posi-
tive association like most western countries. However,
after the early 2000s, the RII for breast cancer mortality
was changed to a negative association, which was mainly
related to the rapid increase in breast cancer mortality of
the lowest education group for the last 30 years.
The change of the inequality pattern could be ex-
plained by the changes of the incidence, survival, and
risk factors across education groups. Breast cancer inci-
dence among Korean women increased during 1993-
2012 [2, 21]. However, the changing patterns between
the incidence of breast cancer and socioeconomic pos-
ition were observed during these periods. According to
Korean hospital-based studies, women with a low educa-
tional level had a significantly lower incidence of breast
cancer in 1994 [22], while women with a high educa-
tional level had a significantly lower incidence in 2004
[23]. In addition, a national level study showed that
breast cancer incidence inequality which was presented
as RII by household income was not significant in 2001
[24]. Based on these studies, we can assume that the in-
cidence of breast cancer might be changed from less fa-
vorable to more favorable for the higher education
group during the last decades, which could be one factor
that led the change of breast cancer mortality inequality
by educational level.
Furthermore, socioeconomic breast cancer mortality
disparities could be partially explained by the risk factors
Table 2 Estimated annual percentage changes (95% CI) of the age-standardized breast cancer mortality rates and estimated age-
specific annual percentage change (95% CI) over time
Educational level
Total None or primary Secondary Tertiary
Net drift (95% CI) 1.87 (1.63-2.11) 3.85 (1.23-6.53) 1.89 (1.51-2.27) -0.34 (-1.11-0.43)
p-value <0.001 0.004 <0.001 0.386
Local drifts (95% CI)
25-29 -0.40 (-1.35-0.55) -4.45 (-20.42-14.72) 1.35 (-0.19-2.90) -0.29 (-1.93-1.39)
30-34 0.67 (0.18-1.16) 4.29 (0.80-7.90) 2.08 (1.36-2.81) -0.14 (-1.26-1.00)
35-39 1.79 (1.46-2.12) 6.13 (4.68-7.60) 2.80 (2.34-3.26) 0.40 (-0.59-1.40)
40-44 1.82 (1.54-2.09) 5.75 (4.97-6.54) 1.92 (1.53-2.32) 0.09 (-0.85-1.04)
45-49 2.28 (2.03-2.54) 5.22 (4.76-5.68) 1.43 (1.04-1.82) -0.36 (-1.36-0.65)
50-54 3.02 (2.72-3.31) 4.83 (4.43-5.24) 1.29 (0.77-1.81) -1.14 (-2.46-0.20)
55-59 3.87 (3.41-4.33) 4.44 (3.89-4.99) 2.23 (1.16-3.31) -0.99 (-3.43-1.51)
p-value <0.001 0.001 <0.001 0.272
Net drift: Estimated annual percentage changes of the age-standardized rates
Local drifts: Estimated age-specific annual percentage change over time
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related to the survival rate such as screening, tumor
stage distribution at diagnosis, and treatment inequal-
ities [25]. The National Cancer Screening Program for
breast cancer was started in 1999 in Korea [26]. This
program provided free cancer screening for the medical
aid beneficiary group at first, and extended gradually to
the national health insurance beneficiaries in the bottom
50% of income in 2006. Despite this program, women
with a low socioeconomic position were less likely to at-
tend the screening program [27, 28], and the trend of
inequality in screening attendance did not decrease
between 1998 and 2012 [29]. Thus, women with a low
socioeconomic position were more likely to have had a
delayed diagnosis and significantly worse tumor stage
[30, 31]. After diagnosis, women with a low socioeco-
nomic position were less likely to have had optimal
treatment [32], and thus less likely to survive [33].
Nonetheless, it should be noted that inequality of sur-
vival factors could contribute to the increase of breast
cancer mortality inequality, but that could not explain
Fig. 2 Longitudinal age curves of female breast cancer mortality by educational level; Expected age-specific rates in reference cohort c0 adjusted
for period effects a total, b none or primary, c secondary, d tertiary
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the increase of breast cancer mortality itself in the lower
education group because survival rates from breast can-
cer in Korea have increased consistently [2, 34].
In addition, several risk factors might have contributed
to the mortality disadvantages among the less educated.
For example, the prevalence of obesity in Korea was
higher in the lower education group and the inequality
for abdominal obesity by educational group increased
between 1998 and 2007 [35]. The rate of oral contracep-
tive use of the lower education group was higher than
that of the highest education group in 2005 [36]. Those
factors could have attributed to the increase of breast
cancer mortality in the lower education group. However,
considering the incubation period from the exposure to
the risk factors to the occurrence of cancer, those results
with a limited time period seemed to lack the necessary
evidence to explain the unique increase of breast cancer
mortality in the lower education group.
Analysis results showed that the lower education
groups had the increased breast cancer mortality and
significant cohort and period effects between 1983 and
2012, whereas the highest group did not. The risk factors
Fig. 3 Period rate ratios by educational level: the period relative risk adjusted for age and non-linear cohort effects in each period relative to
reference period 1993-1997; a total, b none or primary, c secondary, d tertiary
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which could accompany the cohort effects in breast can-
cer incidence are reproductive factors (e.g., early menar-
che, late menopause, delayed age at first birth, and less
breastfeeding) and behavioural factors (e.g., high fat diet,
obesity, alcohol use, and use of exogenous hormone)
[37]. Behavioural factors could be related to the predom-
inant lifestyle and food and drug supply of the time
period, and could produce the period effect as well.
Most above risk factors were suggested as explanations
for the increasing cohort effects on breast cancer mor-
tality in the previous studies, because the prevalence of
the risk factors also has increased with economic devel-
opment and westernization of lifestyle in Korea [14, 37].
This study also showed that women with a lower edu-
cation had higher breast cancer death rates in more
current cohorts in contrast to the highest education
group. It means that if the risk factors with the different
pattern of the prevalence by educational level were
found, it would be reasonable that those factors were
considered as main risk factors for the increase of breast
cancer mortality. However, unfortunately, there were few
studies that contained evidence to conclude what the
Fig. 4 Cohort rate ratios by educational level: the cohort relative risk adjusted for age and non-linear period effects in each cohort relative to
reference cohort 1953; a total, b none or primary, c secondary, d tertiary
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main risk factors were. Reproductive factors including
age at first birth were still less favorable for the higher
education group in Korea [38], likewise with western
countries [39, 40], and the study which supported the
decreasing gap in reproductive factors between educa-
tional groups could not be found. The gap of age at first
birth by educational level among the 1960-1964 birth
cohort, the 1965-1969 birth cohort, and the 1970-1974
birth cohort was not different [41], although the gap of
the number of live births by educational level decreased
between 1980 and 2000 [42].
This study has limitations. First, this study is eco-
logical, thereby we can only speculate on the etiologies
of the observed changes. Second, population distribution
of educational attainment among Korean women chan-
ged dramatically during 1983 to 2012. Only 6.2% of
women attained a tertiary education during 1983-1987.
The percentage increased to 38.9% in 2008-2012, while
women with no or a primary education only accounted
for 7.2% in 2008-2012 (see Additional file 1: Table S1 for
the population distribution of educational attainment).
Large standard errors, which should be interpreted with
caution, resulted from the fact that the highest education
group in the 1980s and the lowest education group in
the 2000s had the small number of deaths, despite our
having used figures for total population and deaths.
On the other hand, this study has an important
strength in that, to the best of our knowledge, this is the
first study to analyze the APC effects on female breast
cancer mortality by educational level over 30 years. APC
analysis by socioeconomic position could be applied to
explore the causes of other diseases with epidemiologic
transition.
Conclusions
In conclusion, this study showed that the lower education
groups had the increased breast cancer mortality and sig-
nificant cohort and period effects between 1983 and 2012,
whereas the highest group did not. This approach could
provide an important clue for the cause on the trend of
breast cancer mortality. Considering the increasing mor-
tality of breast cancer and the widening gap in breast can-
cer mortality between the high and low education groups,
the long-term monitoring of socioeconomic patterning in
breast cancer risk factors are urgently needed.
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